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(57) Abstract 

A filter (10) is provided comprising a first filter layer (12) made of T1O2 or TUO7 particles deposited on a second filter layer (14) 
by stainless steel particles. The first layer (12) has a smaller pore size than the second layer (14). The construction of the filter (10), the 
relative thicknesses of the layers (12, 14) and the resistance thereof to movement therethrough of electrolytically generated gas located 
between the two layers (12. 14) when the filter (10) is permeated with liquid being such that such gas reaches the upstream side of the filter 
before the downstream side. Thus in one embodiment stainless steel particles are sintered and rolled with a textured roller before ceramic 
particles are applied and rolled. An intermediate layer of metal particle peaks and ceramic filled troughs is thus provided which has high 
tortuosity. The resistance to flow at the metal/ceramic interface can be increased by electrodeposiaon of metal there. 
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A FILTER, APPARATUS INCLUDING THE FILTER 
AND A METHOD OF USE OF THE "APPARATUS 

The invention relates to a filter, apparatus including 
5 the filter and a method of use of the apparatus. 

Filters are known for filtration at different particle 
size levels. Filtration at a very fine particle size 
level is required for example in the treatment of beer 
0 for clarification, in the treatment of chemical 

effluent and in particular in the treatment of water 
to remove, for example, bacteria. 

,v Many conventional membrane filtration processes for 
5 fine particle size filtration of liquids rely on high 

velocity cross flow to induce turbulence in the feed 
and reduce the thickness of the laminar flow boundary 
layer along the membrane surface. In this way, the 
rate at which the "filter cake" builds up is reduced, 
0 and the transmembrane flux may be kept higher than 

would otherwise be the case. Nevertheless, the 
typical transmembrane flux to be expected for any form 
of membrane when used for real feeds is "100 
l/hr/m'/Bar, compared with pure water flux of a typical 
polymer or organic microf i Itration membrane in the 
range "1000-10000 l/hr/nr/Bar. Therefore, not only are 
° ail types of microf i Itration membranes used at <10* of 
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their theoretical efficiency, a lot of power input is 
wasted in doing it. 

The direct membrane cleaning process developed by AEA 
Technology, Harwell, and described in GB 2160545 
relies on the generation of hydrogen bubbles at the 
surface of an electrically-conducting, cathodical ly- 
charged, porous membrane to break up the filter cake. 
In this way, it is possible to maintain transmembrane 
fluxes approaching the value to be expected for pure 
water. Inorganic membranes typically cost at least 
five times as much as organic membranes. If the 
transmembrane flux for an inorganic membrane can be 
increased significantly by use of this process, not 
only does it become more cost effective, because the 
filtration area will be much smaller, but the running 
costs may also be less because high cross flow 
velocities may not be required. 

The process of GB 2160545 uses sintered metal 
membranes. These have pore sizes in the range of 1 
micrometre, so do not reject bacteria and such like 
micro-organisms and cannot be used for many critical 
processes of commercial interest. Carbon membranes 
can be obtained with a wide range of pore sizes. 
However, as most are in the form of tubes, they would 
need either a coaxial wire anode, or an external tube 
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anode to be used in the electrolytic process. These 
membranes tend to be flexible and sa would have to be 
short to maintain the correct anode-cathode distance. 
Also, it would be much more difficult to develop good 
5 enough electrical contact. These factors would 

increase considerably the engineering cost of such a 
filter module. 

One known membrane which is made by the Ultram Company 
0 comprises a flat, sintered-metal substrate with a pore 

size of approximately one micrometer and, with a 
smaller pore size, ceramic, final filtration layer. 
The latter is usually kept as thin as possible because 
the materials from which it is made are expensive. 
5 Nevertheless, the small pore sizes are required for 

the membrane to reject bacteria. It is known to clean 
this filter by the use of back pressure. 

According to one aspect of the invention there is 
10 provided a filter comprising a first, less 

electrically conductive filter layer and a second, 
more electrically conductive filter layer downstream 
thereof, the first layer having a smaller pore size 
than the second layer, the construction of the filter, 
>5 the relative thicknesses of the layers and the 

v resistances thereof to movement therethrough of 

electrolytical ly generated gas located between the two 
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layers when the filter is permeated with liquid being 
such that such gas reaches the upstream side of the 
filter before the downstream side. 

In this way, filters of the general construction of 
the known Ultram membranes described above can be 
electrolytically cleaned, as at least some gas 
electrolytically generated at the surface of the 
conductive layer will pass through the non-conductive 
layer to the upstream surface of the filter to clean 
away the filter cake. 

The pore size of the less electrically conductive 
layer may be no more than ICum, or no more than 2.5}jm, 
preferably no more than i^m, most preferably no more 
than O.Sum. Preferably, the less conductive layer has 
a pore size sufficient to reject bacteria. 

The filter may be constructed with a further layer 
such that gas passes to the upstream side of the 
filter before the downstream side. 

In a preferred embodiment the filter includes an 
intermediate layer between the first and second 
layers, the intermediate layer being more electrically 
conductive than the first layer and with resistance to 
flow similar in magnitude to the first layer or 
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greater than the first layer. In this way, gas can be 
electrolyt ical ly produced at the junction of the 
intermediate layer and the first layer and may 
experience lower resistance to flow by passing through 
the first layer. The thickness of the intermediate 
layer and its resistance to flow may not be so high as 
to have a large effect on flow through the filter in 
normal use. 

The intermediate layer may comprise a composite of a 
more electrically conductive material and a less 
electrically conductive material. The porosity of the 
intermediate layer may be 0.1 to 50% lower than the 
porosity of the first layer. The resistance to flow 
is effective at 0.1% increased porosity while at 50% 
increased porosity the reduction in maximum flow rate 
through the filter is beginning to affect performance. 
The volume fraction of the more electrically 
conductive material in the intermediate layer may be 
highest adjacent the second layer. Conveniently, the 
more electrically conductive material of the 
intermediate layer may be the same material as that of 
the second layer and the less electrically conductive 
material of the intermediate layer may be the same 
less electrically conductive material as that of the 
first layer. This may assist in bonding of the three 
layers and reduce relative thermal expansion stresses. 
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The intermediate layer may comprise a composite of 
larger particles and smaller particles. Where the 
first layer is made of small particles of a uniform 
size, the use of small and large particles in the 
5 intermediate layer will provide the desired increased 

flow resistance. The larger particles may be made of 
a more electrically conductive material and the 
smaller particles may be made of less electrically 
conductive material. The more conductive particles 
10 may be present in the form of isolated particles or as 

clusters of particles in the range 50 to 2500 
particles or clusters per square millimetre of the 

intermediate layer in plan, preferably 100 to 2500mm , 

-x -2- 
most preferably 250 to 2500mm . From 250mm and 

15 above a significant improvement in performance is 

seen. The intermediate layer may alternatively 
comprise particles in a porous matrix. The particles 
may be made of a less electrically conductive material 
and the matrix may be made of a more electrically 

20 conductive material. 



The first layer may be made from substantially non- 
conducting material. The first layer may be made of 
ceramic such as an oxide of titanium e.g. titanium 
25 dioxide. The ceramic may be a ceramic with high 

v electrical conductivity such as Ti^O^. The second 

layer may be made of a material which is a good 
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conductor and may be made of metal such as stainless 
steel . 

In another embodiment, the first and second layers may 
be provided directly on one another, the thickness of 
the second layer in relation to the first layer 
ensuring that electrolyt ical ly generated gas reaches 
the upstream side of the filter first. 

In a further embodiment, the filter may comprise a 
further layer of increased flow resistance downstream 
of the second layer. The further layer may be made 
v from the same material as the first layer. 

According to another aspect of the invention there is 

« 

provided apparatus comprising a filter according to 
the first aspect of the invention and an opposite 
electrode to enable electrolysis with the filter 
acting as a further electrode. 

The apparatus thus comprises the filter and the means 
to clean it. The cleaning may be conducted in the 
same way as described in GB 2*i6C545. 

Preferably, the apparatus further includes pulse means 
°' to provide pulsed power to the electrodes. The use of 
a sufficient voltage to produce a current density 
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causing a good level cf gas to be generated is needed. 
This power will be lower than in the apparatus of GB 
2160545 and also need be applied for a shorter time, 
resulting in a more economical filtration process. 

The electrode may take any suitable form and may 
comprise a plate or mesh to be arranged parallel to 
the filter surface. Preferably the opposite electrode 
is arranged to apply a potential difference to parts 
of the filter sequentially. Indeed according to a 
further aspect of the invention there is provided a 
filter apparatus comprising a filter having at least 
one conductive layer and an opposite electrode, the 
opposite electrode being arranged to apply a potential 
difference to parts of the conductive layer of the 
filter sequentially. The width of the opposite 
electrode may be substantially smaller than the filter 
surface and the apparatus may further include means 
for moving the opposite electrode over the filter 
surface. In another embodiment, the opposite 
electrode may comprise a flexible sheet and means to 
manipulate the sheet to bring each part of the sheet 
sequentially close to and away from the filter 
surface. The manipulating means may comprise means 
for sending a wave across the sheet. 

In the second aspect of the invention the filter 
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apparatus may comprise a plurality of filter modules 
and a plurality of electrode modules, each filter 
module including the said filter with the more 
conductive layer being connected to an electrical 
supply, each electrode module comprising the said 
opposite electrode, each module being bounded by a 
frame, the filter and electrode modules being arranged 
alternately side by side and the frames secured 
together in a substantially liquid tight manner. 

Indeed, according to a further aspect of the invention 
there is provided a filter apparatus comprising a 
plurality of filter modules and a plurality of 
electrode modules, each filter module comprising a 
filter having a conductive layer connected to a power 
supply, each electrode module comprising at least one 
electrode element, each module being bounded by a 
frame, the filter and electrode modules being arranged 
alternately side by side and the frames being secured 
together in a substantially liquid tight manner. 

The filter apparatus can thus be provided in a very 
compact fashion and the modular also form simplifies 
manufacture. 

Preferably, the frames are of common plan outer 
di mens ions . 



WO 96/10453 



PCT/GB95/02334 



!0 

Each electrode module preferably comprises a plurality 
of electrode plates arranged in a substantially co- 
planar fashion. Each electrode plate is preferably 
250 to 400 cm ; in area. This enables European mains 
power supply to be used. 

Each electrode module preferably comprises at least 
one electrode element to one face of the frame and at 
least one electrode element to the opposite face of 
the trams . This facilitates the movement of liquid 
into and out of the module and also reduces cost by 
enabling thinner elements to be used. The electrode 
elements to each face of the frame may be connected 
through a connecting member between the electrode 
elements the connecting member being connected to an 
electrical supply. 

Preferably, a leak path is provided between two module 
frames from internally of the frames on the input side 
of the filter to externally of the frames. The leak 
path ensures that if a leak should occur from the 
input to the output side Gf the filter, leakage will 
take place preferentially along the leak path provided 
between the two module frames as that leak path leads 
to atmosphere whereas any leak to the output side of 
the filter would be to a pressure above atmospheric 
pressure due to the back pressure from resistance 
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further through the filter apparatus- The leak path 
may conveniently comprise a groove or rebate in at 
least one of two side by side frames. The membrane 
periphery in the region of the seals will itseif be 
5 sealed to prevent leakage through the membrane. 

The filter of each filter module is preferably a 
filter according to the first aspect of the invention. 

10 Each filter module preferably comprises a filter 

membrane covering each open side of the frame. Each 
filter membrane is preferably provided on a perforated 
support which may be a gauze. The said perforated 
support is preferably electrically conducting. The 

15 said perforated support may be provided on a second 

support which defines fewer, larger perforations. The 
second support is preferably electrically conducting. 
Preferably, a resilient member is provided between the 
filter membranes. The resilient member may be 

20 corrugated. The resilient member may be electrically 

conducting or may be made from plastics. 

One electrode module suitably includes an input for 
fluid to be filtered and the electrode modules can- be 
25 linked in parallel or in series. In this way, the 

apparatus can be used with a constant throughflow of 
fluid to be filtered, or alternatively can be used as 
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a series dead end system. In the dead end, series 
arrangement, the solid material in the fluid to be 
filtered will tend to accumulate at the dead end and 
preferably the last electrode module in the series 
includes a valve to allow continuous or intermittent 
dumping of accumulated solid material. 

According to another aspect of the invention there is 
provided a method of cleaning a filter using apparatus 
according to the second, third or fourth aspects of 
the invention, the method comprising applying 
potential across the electrodes. 

According to a further aspect of the invention there 
is provided a method of making a filter membrane 
comprising depositing material at an interface in a 
body comprising a first less electrically conductive 
filter layer and a second more electrically conductive 
filter layer the interface being defined between the 
layers, the first layer having a smaller pore size 
than the second layer, the material being more 
electrically conductive than the first layer. 

The deposition is conveniently carried out by 
eiectrodeposit ion, hydrometai iurgy or electroiess 
plating. 
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According to another aspect of the invention there is 
provided a method of making a filter membrane 
comprising passing a current across two electrodes in 
an electrode bath, a first electrode comprising a body 
comprising a first less electrical iy conductive filter 
layer and a second more electrically conductive filter 
layer, the first layer having a smaller pore size than 
the second layer and the method being such that 
electrodeposi t ion takes place at the interface between 
the layers. 

The second electrode may be the anode. 

The electrodeposi t ion at the interface between the 
< layers will cause the formation of a region of reduced 
porosity. Preferably, the method is a method of 
making a filter according to the first aspect 01 the 
invention. Thus, the electrodeposi t ion results in the 
aforesaid intermediate layer being formed. 

The electrolyte may be a simple electrolyte, or may be 
a bright electroplating electrolyte. 

An advantage of electroplating at the interface is in 
binding the two filter layers together by means of the 
electrodeposi ted material. The said second layer of 
the body may comprise a layer of particles, e.g. 
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rolled particles, onto which the first layer is 
deposited. The* method is particularly useful in this 
situation where the powder rolled second layer has a 
flat surface onto which the first layer may not adhere 
5 well without such treatment. Alternatively, the body 

may comprise a second layer of particles, e.g. powder 
rolled particles with further similar particles fixed 
to the surface onto which the first layer is 
subsequently deposited. The body may comprise the 
10 titanium dioxide/stainless steel filter currently made 

by the Ultram Company. 

According to a further aspect of the invention there 
is provided a method of making a filter membrane 
15 comprising providing a second filter layer, texturing 

the surface of the layer and forming a first filter 
layer onto the textured surface. 



According to a further aspect of the invention there 
20 is provided a filter comprising an upstream surface 

made from Ti^O^.. 



Embodiments of the invention will now be described by 
way of example and with reference to the accompanying 
26 drawings, in which: 



Fig. 1 is an elevation in cross-section of a 
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filter in a first embodiment of the invention; 

Fig* 2 is a detailed view of the elevation of 
Fig. • showing hydrogen initiation points; 

Fig. 3 is a graph of pressure against time during 
bubble formation within the filter of Fig. 1; 

Fig. 4 is an elevation in cross-section of a 
filter in a second embodiment of the invention; 

Fig. 5 is an elevation in cross-section of a 
filter in a third embodiment of the invention; 

Fig. 5 is a graph of tortuosity ana pore size 
, through the depth of the filter of Fig. 5; 

Fig. 7 is a view of Fig. 5 showing bubble 
distribution; 

Fig. 8 is a partially schematic view partly in 
cross-section of apparatus including the filter oz 
Fig. 5; 

Fig. 9 is a perspective view of apparatus in a 
fourth embodiment of tKe invention; 

Fig 10. is an elevation in cross-section of an 
intermediate stage in manufacture of a filter 
according to a fifth embodiment of the invention; 

Fig. 11 is a side view in cross-section of two 
electrode modules and a filter module of apparatus in 
* a further embodiment of the invention; 

Fig. 12 is a perspective view of -an electrode 
module of Fig. 1 1 ; 

Fig. 13 is a side view in cross-section of a 
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connecting member of the electrode module of Fig. 11; 

Fig. * 4 is a plan view of an electrode module of 
Fig. 11; 

Fig. 15 is a detail side view in cross-section of 
one end of the filter module of Fig. 11; 

Fig. 16 is a detail side view in cross-section of 
another end of the filter module of Fig. 11; and, 

Fig. 17 is a perspective view of apparatus in a 
further embodiment. 

The filter membrane 10 of Fig. 1 comprises a first 
layer 12 of titanium dioxide ceramic particles 
provided on a flat, second, substrate layer 14 forming 
upstream and downstream sides of the filter membrane 
10 respectively. The second layer 14 is made of 
sintered particles 15 of stainless steel. The ceramic 
particles 13 are finer than the sintered metal 
particles 16 to provide a smaller pore size. In 
normal use, the liquid 5 to be filtered flows through 
the filter membrane 10 from the ceramic layer 12 to 
the metal sintered layer !4 and filter cake 23 builds 
up on the ceramic layer 12. In order to clean the 
filter 10, the sintered metal layer 14 is connected to 
a power supply (not shown.} which is also connected to 
an elongate electrode 20 which is shown in transverse 
cross-section in Fig. 1. The power supply provides 
pulses of electrical current between the filter 10 and 
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the electrode 20, the filter 10 being the cathode. 
The liquid 8 may be an aqueous solution. Hydrogen 
will thus be generated at the boundary between the 
sintered metal substrate 14 and the ceramic layer 12. 

5 

v The sintered metal layer 14 is a good electrical 
conductor and, when it is made the cathode of an 
electrochemical cell, hydrogen will be generated on 
the surface of the metal particles 16 nearest the 
10 anode 20. It does not matter that the hydrogen is 

generated below the membrane surface when it has a 
superficial layer of non-conducting particles 18, only 
that sufficient hydrogen emerges from the upstream 
surface. 

15 

Three factors are important: 



(1) Where the gas bubbles are nucleated. 

(2) The pressure in the gas bubbles needed to 
20 force fluid to flow through the pores. 

(3) The side of the membrane 10 from which the 
bubbles of hydrogen emerge. 



25 



The pressure dif f erence , A p, of the gas inside a 
spherical gas bubble in a fluid is given by Young's 
equation:- 
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Ap • 2%/r (1) 2T is the surface tension of 

the fluid with respect to the 
gas, r is the radius of the 
bubble 

5 

When the radius is very low, A p becomes very high. 
If the gas nucleates in a cavity, there is less 
gas/fluid surface. The pressure needed to form the 
bubble nucleus is then less than it would be for a 

10 hemispherical cap on a flat surface. Therefore, the 

most likely place where bubbles of hydrogen 9 will 
form is where the small ceramic particles 18 touch the 
larger metal particles 16, see Fig. 2. This is at the 
interface between the two layers 12,14 and is also the 

15 position nearest the anode 20, therefore with lowest 

solution resistance for passage of ions across the 
anode-cathode gap. 

The hydrogen 9 will preferentially fill the part of 
20 the membrane 10 with least capillary pressure. This, 

.from (1), will be that with largest pore size, the 
substrate 14. If the hydrogen 9 is produced at a low 
enough rate such that its pressure is always below the 
capillary pressure of the small pore size layer 12, 
25 the hydrogen 9 will all emerge from the downstream 

surface of the membrane 10 and will serve no useful 
purpose. Until the first bubble emerges from the 

SUBSTITUTE SHEET (RULE 26) 
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downstream surface, the pressure within the substrate 
14 will be between the capillary pressure of the 
substrate 14 plus the downstream pressure and the 
capillary pressure of the first layer 12 plus the 
upstream pressure. When bubbles are produced the 
pressure within the substrate 14 will oscillate within 
this range, see Fig. 3. 

If the hydrogen is to be used to force "he filter cake 
0 from the surface of the small pore size layer -2, its 
pressure must be increased to at least the capillary 
pressure of that layer 12 plus the pressure in the 
upstream chamber. This can be done without modifying 
the membrane 10 in two ways. The first is to close 
off the chamber behind the filter with e.g. a solenoid 
valve. The hydrogen gas pressurises the chamber. 
There are four disadvantages. The first is that the 
filter membrane is bi-axially stressed, and may fail 
mechanically. The second is that it may lift off the 
supporting structure and lose electrical contact with 
it. The third is that only a small proportion of the 
hydrogen will emerge from the upstream surface, giving 
< rise to low electrical efficiency. The fourth is that 
the cathode filter may bow so far as to touch the 
anode and cause a short circuit. The second way to do 
this is to increase the hydrogen production rate 
significantly, by using a high current pulse, so that 
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the back pressure generated by the resistance to flow 
of the permeate fluid through the substrate 14 to the 
downstream surface of the membrane 10 is high enough 
to force some of the hydrogen to the upstream membrane 
surface. However, before bubbles emerge from the 
upstream surface, it is necessary first to displace 
the fluid in the small pores which will also 
contribute to removal of filter cake. Furthermore, 
this fluid must be displaced before the fluid is 
displaced through the substrate 14. Two factors are 
important here; the pore radii and the pore lengths. 

The Hagen-Poisseuiiie equation gives the volumetric 
flow-rate through a capillary of length 1, radius r, 
tortuosity t, of a fluid with viscosity under a 

pressure drop . ^ p : - 

J 

dV oPr 1 * 



8t*) Tl 

0 



Assuming constant pressure and neglecting kinetic 
energy, the instantaneous velocity of the hydrogen- 
fluid interface in the capillary is obtained by 
dividing the flow-rate by the area of the capillary. 
Integration of the equation shows that the tube will 
become empty at a time given by: - 
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t = { 3 } 

a p in this case is the difference between the 
5 internal pressure of the hydrogen and the capillary 

pressure plus static pressure, so the net pressure 
driving fluid through the small pore size region is 
much less than that driving fluid through the 
substrate 14. Therefore, to ensure that the hydrogen 

10 breaks through the small pores first the thickness of 

the small pore size region 12 needs to be decreased or 
the thickness of the substrate 14 needs to be 
increased to appropriate relative sizes. The former 
is more difficult than the latter. However, since the 

15 cost of metal powder/fibre is a significant part of 

the overall suostrate proouct cost, this approach may 
oe iess attractive irom tne point or view or cost. Iz 
the membrane is modified in such a way the following 
advantages will accrue: lower stress, better 

20 electrical contact , higher electrical efficiency, and 

it is not necessary to ciean all or tne z i iter at 
once . 

In the embodiment of Fig. 4, the membrane is 
25 symmetrical, and there is a small pore-size layer 

12,22 on both sides of a sintered metal layer 14. The 
upstream layer 12 being thinner than the downstream 
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layer 22. In tnis case, when ins hycirogen is 
generated, the whole of the interior 14 of the 
membrane 10 is pressurised at least to the capiiiary 
pressure of the upstream small pore-sized layer 12 
plus the upstream pressure. Hydrogen will reach the 
upstream surface 25 of the membrane 10 first, as the 
upstream layer 12 is sufficiently thinner than the 
downstream layer 22, 

Fig. 5 shows a third embodiment which aiso has three 
layers . 

The first layer 12 is a filtration layer. This is 
made from t\ t an,iAU5_ d i ox i da ceramic powder although 
other sui tawic ceramic powoers ecu id oe used. The 
layer 12 may be up -co ICC microns thick here being 
40 vim , although in another embodiment it may be up to 
50um thick, preferably being 15um thick . The pore 
size may be 2jim . 

There is then an intermediate layer 24 which is a 
multipurpose layer, one purpose of which is to provide 
the extra resistance to gas flow. It is made from a 
mixture of the powder of the first layer 12 and 
stainless steel powder. The thickness of this layer 
may be up to about 5 Qu ia, here being 3 Cum and in 
another embodiment is 15um. The pore size is about 
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The final layer 14 is a sintered stainless steel 
substrate, typically gas- atomised powder or chopped 
fibre of the same type used in the intermediate layer 
24. It may be up to about 250;ira thick, here being 
2 0 Ouzn . The pore size is about 1 - 2\im. 



The particles of layer 14 are powder roiled and 
sintered to form the layer 14. The particles of the 



intermediate layer 24 are then applied and rc * ! 



4. A. «5V4 CLiiWl 



sintered. Finally the ceramic particles of the layer 
12 are applied as a slurry and roiled. 

15 The intermediate layer 24 performs three roles: - 



The first is to act as a bonding layer. The surface 
of the second layer 14 is likely to be quite smooth 
because it is usually made by a form of pressing or 
roiling process. If the first layer 12 were to be 
applied to it directly, forces produced by 
differential thermai contraction on ccciing irom tne 
high temperature sintering treatment would be 
concentrated into a small volume of material, and 
fracture would be likely along this interface. The 
intermediate layer 24 will have a coefficient of 
thermal expansion ;CTE} intermediate between the other 
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two layers 12, 14, so the maximum differential thermal 
contraction stress will be reduced, and the strained 
region will have a greater volume reducing the chance 
of fracture. This is particularly important for 
ceramics {other than zirconia or ceria, which have 
unusually high CTE for ceramics). In this way the 
distance between the surface of metal particles at the 
top of the intermediate layer and the top of the 
second layer 14 is greater than the distance between 
the surface of the metal particles at the top of the 
intermediate layer 24 and the top of the first layer. 

The secono re i e is tnat the metal particles at the 
interface between the intermediate layer 24 and the 
first layer 12 will act as the sites for the 
generation of hydrogen relatively near the surface of 
the first layer 12. A typical metal particle 15 may 
be ~15-2Cum in size. If it protrudes by a third of 
its diameter from the mean of the top face of the 
intermediate layer 24, it will penetrate significantly 
into the first layer 12. It is advantageous for the 
hydrogen to be generated from a number of such sites 
with controlled spacing. It is aiso advantageous if a 
controlled addition of larger metal particles is added 
to create hydrogen sources nearer the surface of the 
first layer 12. 
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The third role is thaw it will act as a barrier to 
flow of the hydrogen to the downstream surface of the 
membrane 10 by reducing the volume fraction of voids 
compared with the first: layer 12 and increasing the 
5 tortuosity- From the arguments given above it is easy 

to understand that if the permeation rate for fluid 
and hydrogen through the intermediate layer 24 is 
greater, but not by too much, than that through the 
firs" layer 12, more of the hydrogen will emerge from 
10 the upstream surface, where it is wanted. Fig. 5 

shows a graph of pore size P and t or tucs i ty t aga ins- 
distance through the filter membrane i0 in parallel 
with Fig. 5. The pore size in the first layer 12 and 
intermediate layer 24 is about the same but increases 
15 markedly in the second layer 14. The tortuosity is at 

its highest in the intermediate layer 24. The fact 
that the tortuosity increases from the first layer 12 
into the intermediate layer 24 while the pore size 
remains the same inhibits the movement of 
20 eiectrolyt ical ly generated hydrogen through the 

intermediate layer 24 towards the downstream side 21 
of the filter membrane 10, Fig, 7 shows a typical 
distribution of bubbles of hydrogen in the filter 
membrane 10 during cleaning. 

The primary purpose of the intermediate layer 24 is to 
act as a barrier to permeation cf the hyarogen 
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generated at the metal part icies 15 within it to the 
second layer 14. To some extent, it will reduce the 
permeation rate of fluid as well. However, since 
without the electrolytic cleaning process the 
permeation rate for fluid is very low anyway, this 
loss is insignificant compared with the gain 
elsewhere. Factors important in determining the 
permeation rate through the intermediate layer 24 will 
be; volume fraction and size of metal particles 16, 
volume fraction and size of the ceramic precursor 
particles 1 o , and col ioid-f orming/dispers i ve additives 
to the ceramic slurry. 

Fig. 3 shows an embodiment of zha apparatus of the 
invention. Liquid to be filtered is pumped by a pump 
25 into a tank 25. In the tank 25 is provided a 
plurality of parallel equi-spaced anode plates 30. 
Interleaved with the anode plates 50 is a plurality of 
z liter units 52. Each filter unit 52 comprises two 
flat filter membranes 10 mounted parallel to the 
adjacent anode plates 30 by a surrounding framework 34 
such that liquid which has been pumped into the tank 
can only enter a filter unit 32 through a filter 
membrane 10. Each filter unit 52 includes an output ' 
pipe 35 and the output pipes 55 cf the filter units 32 
combine in a main output pipe 35. A pulse generator 
40 is connected to each of the anode plates 30 and 
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also to the filter membranes 10. The spacing of each 
anode plate 30 from the adjacent filter membrane i C is 
about 3mm and a pulsed current density of about 
0.1A/cm : is developed by the pulse generator 40. The 
tank 28 includes an outlet 42 for recycling of liquid. 
In use, liquid is pumped by the pump 25 into the tank 
23. At least some of the liquid is filtered through 
the filter units 32 and passes out through the pipes 
36,33. When a filter cake has built up on the filter 
membranes 10, the pulse generator 40 is operated to 
cause hydrogen to be generated within the membranes 10 
to clean them as discussed. 

Fig. 11 shows a further embodiment of the apparatus of 
<■-■ the invention, this time in modular form. The pump 25 
and generator 40 are not shown. The apparatus 
consists of filter modules 50 and electrode modules 

mtrnim • 

Each electrode module 52 consists of a body 53 having 
a square frame 54 made from square section material 
such as polypropylene. The material should be a good 
insulator, chemically inert for the process 
application, and thermally stable for the process 
temperature. In another embodiment it could be PVC, 
for example. The body 53 is recessed each side 
providing recesses 55 and includes twelve circular 
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aper-ures 55 drilled through the body 53 ai each of 
two opposite inner side edges 55 of the frames 54. 
The circular apertures 55 intersect bores 57 through 
two sides of the frame 54. Anode plates 30 are 
mounted in each recess 55 between the inner side edges 
58. Three anode plates 30 are provided in 
substantially co-planar fashion, each anode plate 30 
extending from one inner side edge 55 to the opposite 
inner side edge 55 so that the pi ares 30 are edge to 
edge. A further three plates 30 are arranged in the 
same way in the other recess 55 behind the firs- three 
p i at es j0 ano paraiiei to them z o form aligned pairs. 
A connecting memoer o* is prcviaed between each pair 
or plates jC in an aperture in the body 53 and is 
resistance welded 54 to each plate 30. Each 
connecting memoer o 1 is in tne term or a steex disc 
and defines a radial, threaded bore 53 to receive a 
threaded eno or an anode rod 55. Each anode rod 55 
extends through a bore in the body 53 to the side 7 0 
of the frame 54 and through the side 70 of the frame 
54 where it is connected to a bus bar. A seal may be 
provided where the rod 55 leaves the body 53. The 
ends of the bores 57 form an inlet and an outlet for 
the module 52 at each corner of the frame 54. 

Each filter module 50 also comprises a frame 72. The 
frame 72 is narrower than the electrode module frame 



/ 
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54. It is of the same, ouzer dimensions in plan. The 
frame 72 includes nine drilled apertures 74 in an 
inner side edge 76. The apertures 74 intersect a bore 
75 through the frame 72 the end of which at a corner 
of the frame 72 acts as an outlet 99. Two shoulders 
73, SO are formed in each side face of the frame 72 to 
form rebates 32,84. The first rebate 52 receives the 
filter membrane 10 of one of the previous embodiments. 
The ceramic particle layer 12 faces outwards. The 
second rebate receives a stainless steel sheet 86 
which has relatively large circular perforations 35. 
Between the steel sheet 36 and the filter membrane 10 
is provided a steel gauze 3C in the rebate 34. In 
contact with and extending between the two steel 
periorateo sheets c6 02 eacn moGuie 2 u is a ccrrugatec 
sneet { net snown > in wnxen tne corrugations run 
towards the apertures 74 to permit filtered liquid 
flow in that direction. To the opposite side of the 
frame 72 from the apertures 74, a cathode rod 92 
extends through the frame 72 from the outer edge 34 to 
the inner edge 7 0 . A U-snaps 
to the end 01 tne cathooe roc 

contact with the perforated sheets 85. The U-shaped 
connector 96 lies in a recess in the frame«72. The 
cathode rod 32 is sealed on the outer edge 34 and 
connected to a further bus bar. A shallow groove 98 
is provided on eacn side 01 the frame 7 ~ irom tne 
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rebate 52 tc the cuter edge 94 of the frame 72. 

In use, a plurality of the filter modules 50 and 
electrode modules 52 are arranged alternately side by 
side with an electrode module at each end of the row. 
n clamping plate is placed over either end and the 
clamping plates are connected by tie rods (not shown/. 
The frames 52,72 are thus held together in a 
substantially fluid tight manner. In a series mode 
for the system the outlets 99 from the filter modules 
72 are ccnnectec together to a common "aK€~oi z l i ne 
{not shown; and the outlets 59 from the electrode 
module 52 at one end of the apparatus is connected to 
the inlet 37 to the next module 32 and so on to the 
final electrode module 32 which includes a valve i not 
sncwn i at its outlet 59. In ail cases 1 i qu i o to oe 
filtered is pumped through the inlet 57 tc the first 
electrode module 52 and passes through the frame 54 
into the area adjacent the filter membrane .0. 
Filtered liquid passes through the openings in the 
gauze 90 anc tnrougn tne pertorateo apertures 08 in 
the sheet 55 into tne toids or tne corrugates sheet in 
tne central opening or tne i liter moduie < 2 • The 
filtered liquid passes through the apertures 74 in the 
frame 72 and out through the outlet 99. If a leak 
should arise on either side of the filter membrane 10, 
rather than passing aiong the floor ot tne reoate 52 
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and into the centra i opening of the filter module 72. 
the leak will flow preferentially along the shallow 
channel 98 to atmosphere as this will represent a 
greater pressure drop. 

The use of a plurality of relatively thin electrode 
plates has enabled the use of a relatively low current 
to evolve hydrogen in the filter membrane »0 to clean 
filter cake from it. Indeed, with each anode plate 
being say 10cm by 30cm, the mains supply can be used 
for each plate to produce a suitable current density. 

In a dead end series mode for the system, liquid to be 
filtered enters the inlet 57 of the first anode module 
52. Liquid from its outlet 59 then enters the inlet 
59 or the sec one moouie ano so on up to. tne last 
module. In use, the particulates tnat zorm tne 11 iter 
cake are progressing!-/ concentrates by fluid flow into 
the last anode module 52. 3y use of a solenoid vaive 
[not shown} it is possible periodically or 
continuously to discharge this nignxy concent rat eo 
material from the outlet 59 of the last anode module 



This is more efficient than systems where the entire 
apparatus must be washed through to remove filter 
cake , as a concentrated accumulation of filter cake 
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can be removed with minimal loss of liquid. 

The apparatus described when used in this dead end 
mode can be used for filtration of a suspension of 
disrupted bacteria which have been genetically 
manipulated to produce a required material such as a 
drug. The drug will pass through the filter, while 
the cell bodies of the bacteria will not pass through 
tne filter membranes ! C . This bictechnoiogicai 
technique is expensive and it is important to minimise 
the loss of the drug by minimising the loss of liquid 
in tne filtering process. 

The apparatus can also be re-arranged for use in cross 
flow mode, and in that case all of the inlets 57 of 
the anode modules 52 may be connected to a common 
inlet manifold (not shown;. Also ail of the outlets 
53 of the anode modules may be connected to a common 
outlet manifold (not shown; . Part of the fluid from 
tne common outlet manifcid may be drained through a 
control valve (not shown,, the rest being passed 
through the re-circuiat ion pump. It is also possible 
to operate the system in cross flow mode yet with sets 
or anode modules 52 connected in series such that the 
outlet 59 of. the first such module is connected to the 
inlet 57 of the seccnd module and perhaps repeated for 
a plurality of other anode modules, yet the output 59 
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of the final anode iuCuuic in the set snali oe 
connected along with the final output of other module 
sets for a. common manifold for splitting into arain 
v and recycle. The velocity of the liquid entering the 
electrode modules 52 is controlled to provide either 
laminar flow, which will minimise power consumption, 
or turbulent flow, which may result in some cleaning 
of the filter by the turbulent liquid movement. 

In a further embodiment, a bi modal particle size 
distribution is use a ;n the metai particles i6 to oe 
used in the intermediate layer 24. .-. controlled 
number of larger particles to of diameter about 25pm 
are provided and will penetrate well into the first 
layer » 2 to ensure that the hydrogen is generated as 
near to tne surxace oi t^at layer as possioie, auu 
with an optimum spacing to c i ear tne i liter caKe as 
quickly as pos s i b 1 e with minimum powe r c onsum p 1 1 on ana 
consequent reduced heating effect. This will ensure 
that the resistance to fluid/gas flow through the 
intermediate layer 24 can be kept low enough that it 
will not reduce the performance of the overall system 
signi f icant ly . 

As an alternative to the elongate electrode 20 and the 
anode plates 3C , a flexible conductive sheet 44 may be 
used in parallel with a filter membrane 10 as shown in 
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Fig. 9. A motor 46 pushes a rod 43 across the 
resilient sheet to create a wave. The anode cathode 
gap is about 3mm and the wave amplitude is about 
1.5mm. In this case a constant potential is applied 
between the sheet 44 and filter membrane 10 and the 
waves transmitted across the sheet 44 provide the 
cleaning effect serially across the membrane 10. 

Fig. 1 7. shows a further alternative arrangement. Here 
a sheet 110 of 0.5mm thickness stainless steel is used 
as the anode. Opposite edges 112 of the sheet W0 are 
connected along their length to two rods 114. Each 
rod 114 is partly rotatable by a motor (not shown). 
Partial rotation of the rods 114 clockwise and anti- 
clockwise will cause a wave to be transmitted across 
,the relatively stiff sheet. The trough 115 of the 
wave will be close to the layer 14 constituting the 
cathode of the system and the separation between the 
sheet 110 and filter 10 will be such as to ensure that 
a gooa rate of hydrogen production results opposite 
the trough 115 in the sheet 110, which little or no 
hydrogen production takes place opposite the remainder 
or the sheet 110. In this way lower power can be used 
and the filter 10 can be cleaned in a sweeping motion 
of the trough 116/wave across the sheet 110. 

At the same time as electrolytic cleaning is taking 
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< place, back pressure of fluid may also be' used in the 
known manner. In addition the filter may be vibrated, 
for example, by a piezo-eiectr ic transducer to further 
assist in cleaning. The back pressure may be in phase 
5 with the application of power pulses where used. 

The filter membrane 1 , 0 shown in Fig. 1 can be treated 
to provide an intermediate layer in a number of ways. 
The electrolyte used for hydrogen evolution at the 

10 interface may be replaced by a suitable electrolyte 

for the deposition of a conductive material en the 
stainless steel particles 1 5 at the interface. The 
electrolyte may be an aqueous nickel -tin sulphate 
solution, here being SCgi"' stannous sulphate SnSC, 

'5 plus SOgi* 1 nickel sulphate NiSC l .5H : C plus 70mi/i 

concentrated sulphuric acic whicn will electroplate a 
nickel -tin. Other suitable materials to be deposited 
could be a nickel alone, tin alone, cobalt, gold or 
platinum. It is convenient to electroplate from an 

20 aqueous solution which requires that the metal to be 

electroplated must be deposited in preference to 
hydrogen. To deposit nickel alone the above process 
can be used with the omission of the stannous 
sulphate. 

25 

The nickel -tin intermetai 1 ic will be deposited and 
will in certain circumstances form a dendritic 
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structure penetrating into the first layer of ceramic 
particles #8. The dendritic structure will bend the 
layers .2,14 together more closely and will provide an 
intermediate layer of eiectrodeposi ted metal dendrites 
and ceramic particles 15. This serves two purposes. 
The first is to generate hydrogen nearer the upstream 
surface. The second is to provide a layer of 
increased resistance to flow cf evolved hydrogen to 
the downstream surface so that evolved hydrogen will 
reach the upstream surface 25 of the membrane 10 
before the downstream surface. 



If hydrogen gas is generated electrochemical ly , its 
pressure, hence chemical activity can be high enough 
directly to reduce some metal salts to metal, as is 
well known in hydrometal lurgy . This process may also 
be usee in precipitate metai in tne iirst ceramic 
layer 12. Other eiectroiess plating methods may also 
be used. 

The layer structure of the initial material of the 
embodiment of Fig. . is formed by roiling a stainless 
steel powder and partially sintering it to proviae a 
flat metal layer in green state. The titanium dioxide 
layer is then applied as a particle slurry to one 
surface. As discussed, the powder roiled surface of 
the sintered material provides a flat interface which 
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leads to the ccncenira: i on of 'thermal contraction 
stresses which can lead to deiaminat ion. The 
structure may thus be fragile and liable to delaminate 
under its desired usage. The eiectrodeposi ted 

5 material not only provides the required interiayer of 

increased resistance to ensure that the membrane 10 
can be cleaned by evolution of gas, but may also 
operate to improve the resistance to mechanical 
failure of the filter. The ductile electroplated 

10 v metal may increase the work of fracture of the ceramic 
body. The eiectrodeposi ted material may be addea such 
as to reduce the porosity of the first layer at the 
interface by C.i to 50%. 

«5 Fig. 1G shows a further membrane structure 100. In 

this case, to avoid the thermal contraction stresses 
del am mat ing the layers "2,14, once the stainless 
steel powder layer 14 has been rolled and partially 
sintered, a slurry of stainless steel particles 16 is 
20 applied to its surface and heated to provide an 

irregular and less closely packed adherence oi 
stainless steel particles to the surface of the nat, 
v roiled initial layer. This creates a surface which 
includes peaks 102 and troughs 104 on the microscaie. 
25 The titanium dioxide particles 15 are then added as a 

slurry and fill the troughs 104. The tendency to 
de lamination due to thermal contraction stresses ;s 
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reduced for this structure 10C. If the method 
described for the creation of an intermediate layer in 
the filter of Fig. 1 is used, then the 
electrodeposition of the tin-nickel intermetal 1 ic will 
take place on the peaks 1 ,C2 of the stainless steel 
particle layer 14 preferentially to the troughs 104. 
Any gaps in coverage by the ceramic particles due to 
faults in manufacture will be ameliorated by the 
deposition which will tend to fill in the gaps. The 
gaps may be caused by skin particles or hairs, for 
example. If the distance between peaks is too great 
it is possible that some areas of the membrane might 
not be cleaned effectively. Good results in cleaning 
are obtained with isolated particles or particle 
clusters i.e. peaks 102 provided at a density of 50 to 
250Cmm : . At over 150mm- the peaks 1C2 are close 
enougn that during cleaning few or no areas of the 
membrane are not cleaned by H. evolution. 
Alternatively or in addition an aqueous bright 
electroplating electrolyte containing, for example 
oCgr 1 potassium stannate plus 3Cmi/l concentrated 
sulphuric acid can be used to cause more even 
electroplating. The concentration gradient of metal 
ions which results in a dendritic growth is reduced by 
this method and so a more even electroplating upon the 
interface between the layers 12,14 is achieved. 
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An alternative way to provide the desired textured 
surface is to roll the sintered metal particles using 
a textured roller before the ceramic particles are 
added. Suitable laser scribed rollers are know which 
can texture on a micrometre scale. This gives very 
good control of the texture so that no two "peaks" are 
too far apart which can occur with the applied slurry 
method. The rolling could also take place during 
sintering to further reduce manufacturing time. 

The TiO, particles could be replaced by Ti,0, particles 
or reduced to that composition. Ti,G, has a 
conductivity of about 3C00£* 1 cm which is close to that 
of the metals. This will raise the surface of 
evolution of the hydrogen away from the interface 
between the ceramic and metal particle layers and can 
be used to ensure that the hydrogen reaches the 
upstream surface of the membrane first. TiO, particles 
can be reduced by heating to 1200°C in hydrogen. To 
0 improve production the final sintering of the filter 

could take place in a hydrogen enriched atmosphere to 
combine the sintering and reduction processes. 

Alternatively very small metal particles could be used 
5 to raise conductivity, but the only metal likely to be 

sufficiently chemically stable are the precious metals 
gold and platinum which are expensive. 

Another higher conduct ively ceramic such as 
.0 LaCr^Mg^C, could be used (B.C.H. Steele; kendall et 

al; Proceedings of the Conference "Advanced Ceramics 
in Chemical Process Engineering" Imperial College 
London 19-20 Dec 1988 pp 163-172 published by the 
Institute of Ceramics. 
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1- A filter comprising a first, less 

electrical iy conduce ive filter layer and a second, 
more electrically conductive filter layer downs-cream 
thereof, the first layer having a smaller pore size 
than the second layer, the cons-ruction of the filter, 
the relative thicknesses of the layers and the 
resistances thereof to movement therethrough of 
electrolytical ly generated gas when the filter is 
permeated with liquid being such that such gas reaches 
the upstream side of the filter before the downstream 

5 1 Ge - 



2. A filter as claimed in claim 1, wherein the 

pore size of the less electrically conductive layer is 
no more than iOiim. 

J • A iiiter as claimed in claim ! , wherein the 

pore size of the less electrically conductive layer is 
no more than 2.5»im. 

4. A filter as claimed in claim 1, wherein the 

pore size of the less electrically conductive layer is 
no more than I.Ovun. 



5- A filter as claimed in claim !, wherein the 
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pore size cf the less electrical ly conductive layer is 
no more than 0.5 vim. 

6. A filter as claimed in claim 1, wherein the 
less conductive layer has a pore size sufficient to 
reject bacteria. 

7. A filter as claimed in any preceding claim, 
wherein the first and second layers are provided 
directly on one another, the thickness of the second 
layer in relation to the first layer ensuring that 
eiectroiyt icai ly generated gas reaches the upstream 
side of the filter first. 

3. A filter as claimed in any of claims 1 to 5, 

wherein the filter is constructed with a further layer 
such that gas passes to the upstream side of the 
filter before the downstream side. 

9. A filter as claimed in claim 5, wherein the 
filter includes an intermediate layer between the 
first and second layers, the intermediate layer being 
more electrically conductive than the first layer and 
with resistance to flow similar in magnitude to the 
first layer or greater than the first layer. 

10. A filter as claimed in claim 9, wherein the 
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intermittent layer has a' porosity which is lower than 
the porosity of the first layer by C.i* of more. 

* • A niter as claimed in claim 9 or claim JO, 

wherein the intermittent layer has a porosity which is 
50* or less of porosity of the first layer. 

12 « A filter as claimed in claim 9, 10 or It, 

wherein the intermediate layer comprises a composite 
of a more electrically conductive material and a less 
electrically conductive material. 

'3* A t liter as claimed in claim \ 2 , wherein the 

volume fraction of the more electrically conductive 
material in the intermediate layer is highest adjacent 
the second layer. 

■ 4 - A filter as claimed in claim 1 2 or claim 13, 

wherein the more electrically conductive material of 
the intermediate layer is the same material as that of 
the second layer. 

•5. A filter as claimed in claim 12, 13 or 14, 

wherein the less electrically conductive material of 
the intermediate layer is the same less electrically 
conductive material as that of the first layer. 
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16. A filter as claimed in any of claims 12 to 

15, wherein the intermediate layer comprises a 
composite of larger particles and smaller particles. 

5 17. A filter as claimed in claim IS, wherein the 

larger particles are made of a more electrically 
conductive material and the smaller particles are made 
% oi a less electrically conductive material. 

C 13. A filter as claimed in claim IS or 17, 

wherein the more conductive particles are present in 
the form of isolated particles or clusters of 
particles in the range 50 to 2500 isolated particles 
and clusters per square millimetre of the intermediate 

5 layer in plan. 

\ 9 . A filter as claimed in claim 16 or ciaim » »" , 

wherein the more conductive particles are present in 
the form of isolated particles or clusters in the 
!C range 100 to 2500 isolated particles and clusters per 

square millimetre of the intermediate layer in plan. 

20. A filter as claimed in claim 15 or claim 17, 

wherein the more conductive particles are present in 
!5 the form of isolated particles or clusters in the 

range 250 to 2500 isolated particles and clusters per 
square millimetre of the intermediate layer in plan. 
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2*- A filter as claimed in any of claims ) 2 to 

15, wherein the interrr.edi ate layer comprises particles 
in a porous matrix. 

22. A filter as claimed in claim 21, wherein the 

particles are made of a less electrically conductive 
material and the matrix is made of a more electrically 
conductive material, 

2 J - A niter as claimed in claim 5, wherein the 

filter includes a further layer of increased flow 
resistance downstream of the second layer. 

24. A filter as claimed in claim 23, wherein the 

further layer is made from the same material as the 
first layer, 

25- A filter as claimed in any preceding claim, 

wherein the first layer is made of ceramic. 

25- A filter as claimed in claim 25, wherein the 

first layer is made of titanium dioxide. 

27 • A filter as claimed in claim 25, wherein the 

ceramic is a ceramic with high electrical 
conductivity . 
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28. A filter as claimed in claim 27, wherein the 
ceramic is Ti,C- . 

29. A filter as claimed in any preceding claim, 
wherein the second layer is made of a material which 
is a good conductor. 

20. A filter as claimed in any preceding claim, 

wherein the second layer is made of metal. 



31. A filter as claimed in claim 30 , wherein the 

second layer is made of stainless steel. 



32. A filter substantially as described herein 

with reference to the accompanying drawings. 

23. Apparatus comprising a filter as claimed in 

any preceding claim and an opposite electrode zo 
enable electrolysis with the filter acting as a 
further elec-rode. 

34. Apparatus as claimed in claim 33, wherein 

v , the apparatus further includes pulse means to provide 
pulsed power to the electrodes. 

35. Apparatus as claimed in claim 33 or claim 
34, wherein the electrode comprises a plate or mesh zo 
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oe arranged parallel :o the filter surface. 

36. Apparatus as claimed in claim 35 , Z4 or 35, 

wherein the opposite electrode is arranged to apply a 
potential difference to parts of the filter 
sequential ly . 

37 • A filter apparatus comprising a filter 

having at least one conductive layer, and an opposite 
electrode, the opposite electrode being arranged to 
apply a potential difference to parts of the 
conductive layer of the f i iter sequential ly. 

35. Apparatus as claimed in claim 35 or 37, 

wherein the width of the opposite electrode is 
substantially smaller than the filter surface and the 
apparatus further includes means for moving the 
opposite electrode over the filter surface. 

J ^ • Apparatus as claimed in claim 35 or 37, 

wherein the opposite electrode comprises a flexible 
sheet and means to manipulate the sheet to bring each 
part of the sheet sequentially close to and away from 
the filter surface. 

40. Apparatus as claimed in claim 39, wherein 

the manipulating means comprises means for sending a 
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wave across the sheet. 

41 • Apparatus as claimed in any of claims 53 to 

40, wherein the filter apparatus comprises a plurality 
of filter modules and a plurality of electrode 
modules, each filter module including the said filter 
with the more conductive layer being connected to an 
electrical supply, each electrode module comprising 
the said opposite electrode, each module being bounded 
by a frame, the filter and electrode modules being 
arranged alternately side by side and the frames 
secured together in a substantially liquid tight 
manner . 

42. A filter apparatus comprising a plurality of 
filter modules and a plurality of electrode modules, 
eacn I liter mcGuie comprising a iiizer naving a 
conductive layer to be connect ec tc a power supply, 
each electrode module comprising at least one 
electrode element, each module being bounded by a 
frame, the filter and electrode modules being arranged 
alternately side by side and the frames being secured 
together in a substantially liquid tight manner. 

43. Apparatus as claimed in claim 41 or claim 
42, wherein the frames are of common plan outer 
dimensions . 
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44. Apparatus as claimed in claim 4\ , 42 cr 43, 
wherein each electrode module comprises a plurality of 
electrode plates. 

45. Apparatus as claimed in claim 44, wherein 
each electrode plate is 230 to 400 cm ; in area. 

45. Apparatus as claimed in claim 44 or claim 

45, wherein in each electrode module a plurality of 
electrode plates is arranged in a substantially co- 
planar fashion. 

■* 7 • Apparatus as claimed in any of claims 41 to 

45, wherein each electrode module comprises at least 
one electrode element to one face of the frame and at 
least one electrode element to the opposite face of 

*. u _ - 

tuc 4. i aiuc . 

Apparatus as claimed in claim 47, wherein 
the electrode element or elements to each face of the 
frame are connected through a connecting member 
between the electrode elements the connecting member 
being connected to an electrical supply. 

45. Apparatus as claimed in any of claims 4 «, to 

48, wherein a leak path is provided between two module 
frames from internally of the frames on the input side 
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of the filter to externally of the frames. 



50. Apparatus as ci aimed in claim 49, wherein 
the leak path comprises a groove or rebate in at least 
one or two sice ty sioe irames. 

51. Apparatus as claimed in any of claims 4 ; to 
50, wherein each filter module comprises a filter 
membrane, covering eacn open side of the irame. 

52. Apparatus as claimed in claim 5 ; . wherein 
^ each filter membrane is provided on a perforated 

support . 

53. Apparatus as claimed in claim 52, wherein 
the said perforated support is electrical iy 
conduct i ng . 

54. Apparatus as claimed in claim 52 or claim 
53, wherein the said perforated support is provided on 
a second support which defines fewer, larger 

per i or at i ons . 

55. Apparatus as claimed in claim 54, wherein 
o the second support is electrically conducting. 



56. 



Apparatus as claimed in any of claims 51 to 
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55, wherein a resilient member is provided between the 
filter membranes. 



57 • Apparatus as claimed in claim 55, wherein 

the resilient member is corrugated. 



58 • Apparatus as claimed in any of claims 41 to 

57, wherein the modules are in the dead end, series 
arrangement and the last electrode module in the 
series includes a valve to allow continuous or 
intermittent dumping of accumulated solid material. 

z ^ • Apparatus substantially as described herein 

with reference to the accompanying drawings. 



method ot cleaning a r liter using 



apparatus according to any of claims 55 to 59, the 
method comprising applying potential across the 
electrodes . 

A method of making a filter membrane 
comprising depositing material at an interface in a 
body comprising a first less electrically conductive 
filter layer and a second more electrically conductive 
Zilter layer the interface being defined between the 
layers, the first layer having a smaller pore size 
>an the second layer, the material being more 



th 
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52. A method as c 1 a i mea in claim o! . wnerein tne 
deposition is carried out by eiectrodeposi t ion, 
hydrcmetal lurgy or eiectroiess plating. 

53. A method as claimed in claim 51, 52 or 53, 
wherein the said second layer of the body comprises a 
layer of compacted particles onto which the firs- 
layer is deposited. 

54. A method as claimed in claim 51 , 5 2 or o4 , 
wherein the body comprises a second layer of compacted 
particles with further similar particles fixed to the 
surface onto which the first layer is subsequently 
deposited. 

55. A method of making a filter membrane 
comprising providing a second filter layer, texturing 
the surface of the layer and forming a first filter 
layer onto the textured surface. 

55. A method as ciaimeo in claim 55, wherein the 

second filter- layer is provided by agglomerating 
particles. 



57. 



A method as claimed in claim 55 or 55, 
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wherein the surface of the second filter layer is 
textured by rolling with a textured roller. 

68. A method as claimed in any of claims 61 to 

67, wherein the method is a method of making a filter 
membrane as claimed in claim 9 or any of claims 10 to 
32 when dependent on claim 9. 

69- A method substantially as described herein 

with reference to the accompanying drawings. 

7 3 - Afilter comprising an upstream surface made 

from Ti,C : . 

71 - A filter as claimed in claim 70, wherein the 

upstream surface comprises a layer of Ti,C, particles. 

7 2 • A filter as Claimed in any of claims « to 5, 

wherein the difference in conductivity between the 
layers is sufficiently small that the surface of 
electrolytic gas evolution is within the first layer. 
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